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Abstract
In response to demands for educational materials to be more accessible and affordable, Open
Educational Resources (OERs) have become increasingly popular for their ability to provide
free, easily obtained, open licensed resources for
both students and faculty to use—especially within
higher education environments. Since the introduction of OERs is relatively new, research regarding their efficacy as measured by student
learning is lacking. To address this gap, I sought
to isolate subjects’ content acquisition after reading excerpts on measures of central tendency from
either an OER or commercial textbook. While the
power was too small to firmly conclude whether
students assigned to OER performed better or
worse than subjects assigned to commercial texts,
there is evidence to suggest that with more data
collection, commercial groups will outperform the
OER groups on the quiz.

1. Introduction
In the past twenty years, there has been an educational movement towards evaluating and adopting OER materials—otherwise known as Open
Educational Resources. These resources rely on
open licenses, which in turn make them free for
public use, although they are mainly intended to
be used by students and faculty within the education system. Examples of OERs can include
textbooks, articles, PowerPoint presentations, me-
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dia, videos, and so much more. The foundation of
the creative process behind these open content resources relies on five fundamental aspects: reuse,
remix, revise, retain, and redistribute (Pawlyshyn,
Braddlee, Casper, & Miller, 2013; Tacoma Community College Libraries, 2020). OERs reuse content by referencing existing literature in a variety
of ways. OERs remix content by combining subject matter from existing resources. OERs revise
content by correcting mistakes in existing materials, modifying material, or adapting material to
reach a greater audience. OERs retain information
by allowing audiences to keep content without the
permission usually required by publisher’s materials via licensing processes, students’ purchases,
etc. Finally, OERs redistribute this material by
permitting and encouraging individuals to share
copies—free of charge—with others.
One of the most common motivations for
adopting OERs has been the aspect of cost reduction for college students. Many students have admitted they purposely neglected to purchase the
required textbook for at least one course, and some
have even referenced cost as being the reason
they dropped or withdrew from at least one course
(Hendricks, Reinsberg, & Rieger, 2017). The difficulty associated with paying for educational materials may limit students’ access to information
and knowledge, which may ultimately limit their
educational growth (Hilton III, Gaudet, Clark,
Robinson, & Wiley, 2013). In studies measuring
student perceptions of cost savings, many reported
spending considerably less on open-source text-
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books as compared to their traditional commercial textbooks, including expenses that accompany
printing and mailing ordered textbooks (Clinton,
2018). Even more promising, these savings can
result from a single semester of OER adoption
(Hilton III, Gaudet, Clark, Robinson, & Wiley,
2013). Not only is cost reduction one of students’ most reported benefit, but it’s also faculty’s
most prominent motivation—as a means to reduce
the financial stress put on their students—for prioritizing OER adoption (Ozdemir & Hendricks,
2017). This introduction of OER serves as accessible leverage for students who are traditionally
directed to the publishers’ websites to use their
supplemental materials—websites that are extensive in video, activity, simulation, and quiz resources offered, but require students to purchase
additional access codes or learn addition features
to use (Hilton III & Laman, 2012).
In addition to the benefits of affordability,
OER adoption has served as a platform for increased accessibility, collaboration, and customizability. As digital content shifts towards free
resources as compared to expensive commercial
textbooks, access to educational materials has in
turn increased (Feldstein, Martin, Hudson, Warren, Hilton III, & Wiley, 2012). The widespread
scale of OER implementation has fostered participation and collaborative relationships among students and faculty at many educational levels, but
especially at college institutions (Gil, Candelas,
Jara, Garcia, & Torres, 2013; Pawlyshyn et al.,
2013). Several OER resources, such as the Flat
World Knowledge textbook, also provide the option for modification to best fit the needs of student
populations using them and aide the professors in
creating more targeted, effective guidance (Hilton
III & Laman, 2012; Bowen, Chingos, Lack, & Nygren, 2014).
While OER has many advantages to offer educational settings and participants, credibility becomes an obstacle as most have not been copyedited or peer reviewed due to a lack of available
resources—resources that publisher’s commonly
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staff experts to provide (Stovall, Laird, Welford,
& Williams, 2019). Without a standardized review
process or guaranteed expertise, OERs likely contain more errors than their traditional commercial
textbook counterparts. When accounting for the
influence that educational materials have on the
subject matter students learn as well as their subsequent success in classes, this creates a potential
deterrent for faculty and institutions looking to implement OERs in their courses.
General trends in OER literature reveal that
open-source texts at a minimum present financial savings with no educational harm, and at a
maximum present financial savings with academic
gains in a variety of subjects (Hilton III, Gaudet,
Clark, Robinson, & Wiley, 2013; Pawlyshyn et
al., 2013; Bowen et al., 2014; Wiley, Williams,
DeMarte, & Hilton III, 2016; Clinton, 2018;
Jhangiani, Dastur, Le Grand, & Penner 2018;
Hardin, Eschman, Spengler, Grizzell, Moody,
Ross-Sheehy, & Fry, 2019). These comparable,
if not better, learning outcomes demonstrate that
adopting OER does not threaten the quality of
students’ resources and does not negatively influence learning—all while simultaneously savings
student’s substantial amounts of money. Unfortunately, there is no standardized measurement of
learning outcomes, so results cannot be generalized to all students or all aspects of a student’s
academic performance. For a more convenient
review, learning outcomes as documented in the
existing literature have been categorized into the
following measurements: institutional measures,
global learning indices, measures of individual
ability, and exam scores.
1.1. Institutional Measures

Institutional measures of student success include data on students’ completion rates, withdrawal rates, dropout rates, and enrollment intensity. General trends in the literature regarding institutional measures reveal a consistent pattern of
results supporting theories that OER implementa-
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tion would improve these measures, or at the very
least have comparable rates. In other words, students that used OER materials in place of commercial textbooks had higher completion rates and enrollment intensity and lower withdrawal rates and
dropout rates—or at the worst, comparable rates
of all these measures.
Completion rates indicate the number of students who finished a course without dropping or
withdrawing. A wide range of subjects including
Math, Algebra, Calculus, Computing, Chemistry,
Biology, Anatomy & Physiology, Nursing, Business, English, Psychology, Design, and Web Development have all seen similar completion rates
to semesters in which commercial textbooks were
assigned after OER materials were implemented
(Institutional Measures Table: Row 3, Colum 3).
Studies evaluating OERs in Sociology and Biology course settings have shown that students using
the open textbook were more likely to complete
the course than their counterparts who were using commercial texts (Institutional Measures Table: Row 3, Column 2). Unique to OER efficacy
literature, a study included data on several college
level Business classes that revealed students using
commercial texts were more likely to complete the
course than students using open texts (Institutional
Measures Table: Row 3, Column 4).
Withdrawal rate measurements consist of data
on students who drop a course after the advertised
drop deadline, and thus do not receive a tuition refund. Studies measuring withdrawal rates reveal
that students enrolled in courses such as Business,
Psychology, English, Sociology, History, Algebra,
and Calculus who used OER materials were less
likely to withdraw from their respective courses
than their peers who used publisher’s materials
(Institutional Measures Table: Row 4, Column
1). Studies investigating subjects such as Algebra,
Anatomy/Physiology, Biology, Business, Calculus, Chemistry, Computing, Design, Nursing, Psychology, Web Development, American Government, and Nutrition have revealed that their respective students were no more or less likely to
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withdraw from courses when using OERs versus traditional commercial textbooks (Institutional
Measures Table: Row 4, Column 2).
Dropout rate measurements indicate the number of students who dropped a course before the
advertised deadline to do so, and in return received
a full tuition refund for the respective course.
Like withdrawal rates, most of the studies measuring dropout rates have revealed that less students drop their respective courses when OERs
are present in subjects such as Engineering, Biology, History, Psychology, Sociology, and General Education (Institutional Measures Table: Row
5, Column 2). The remainder of studies producing results regarding dropout rates found that
students using open textbooks and students using
traditional commercial textbooks had comparable
dropout rates (Institutional Measures Table: Row
5, Column 3). While dropout statistics do not necessarily hone focus on measuring the amount of
information students learn in a course, it presents
an important notion from an institutional perspective; The less dropouts and consequently less tuition refunds given amount to a substantial amount
of otherwise unaccounted for revenue—revenue
that could be directed towards successful implementation of OERs (Wiley, Williams, DeMarte, &
Hilton III, 2016).
Enrollment intensity is a measure that spans
a students’ college career and is thus indicative
of the type of courses—and corresponding class
materials—those students prefer to take. A study
tracking enrollment intensity of students in their
Biology, Business, English, Math, and Psychology courses revealed that students who had taken
classes that utilized OER took more credit hours—
specifically courses that also use OER—than students who had not taken classes that utilized OERs
(Institutional Measures Table: Row 6, Column 2).
This finding indicates that students who had experiences with OERs were motivated to willingly
seek courses that utilize similar resources, especially when faced with an alternative option of
courses using commercial textbooks.
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Table 1. Studies examining institutional measures.
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1.2. Global Learning Indices

serving performance in math courses (Global Indices Table: Row 3, Column 4).

Global learning indices incorporate measures
such as final class grade and grade point average that are intended to gather data on student
learning but are potentially confounded by covariates such as assignments throughout courses being
weighted inconsistently, and attendance and participation being factored in—all whose characteristics do not reliably measure student learning.
Studies comparing OER efficacy to commercial textbook efficacy by measuring final class
grades have mixed patterns of results—a majority finding no significant difference between OER
materials and commercial materials, many finding
that students using OERs had higher grades than
students using commercial textbooks, and very
few finding that grades decreased in courses that
utilized OER materials.
The most frequent conclusion of studies examining final course grades found no significant differences between students who used OERs versus
those who used commercial texts throughout their
classes (Global Indices Table: Row 3, Column 3).
Whether studies use measures evaluating grades
on an A-F, C or above, or D/F scale, all conclusions were similar—the type of educational material had no effect on final course grades. OER
adoption in Business, Psychology, Engineering,
Math, Algebra, Biology, History, Sociology, and
General Education classes have been associated
with an increase in average course grade (Global
Indices Table: Row 3, Column 2). Alongside this
correlation, it is important to consider the relationship of grades to number of OERs implemented—
a positive correlation (Gil et al., 2013; Grewe &
Davis, 2017). In other words, students who use
open content resources are not only likely to have
higher final course grades, but this probability increases as the number of OERs used increases.
Rare for OER efficacy literature is the conclusion
that students using open materials experience a
drop in their grades following OER adoption. This
trend seems to be revealed exclusively when ob-

Criteria for measuring grade point average entails the cumulative summation of grade values
divided by the number of courses taken. Learning outcomes represented by final class grades—
whether it be calculated by cumulative points or
percentages—have only shown positive conclusions when it comes to OER; Students who had
been introduced to OERs had higher grade point
averages at the end of their career in their respective schools than students who had not been in
courses that utilized OERS (Global Indices Tables: Row 4, Column 2).
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1.3. Measures of Individual Ability

Measures attempting to narrow focus on student learning through an individual lens do so by
evaluating retention rates, problem solving skills,
critical thinking capability, and content acquisition/mastery. While these individualized measures may serve as a more accurate representation
of student learning outcomes as compared to institutional measures or global learning indices, it
is important to recognize that several covariates
such as pre-existing knowledge, familiarity with
subject material, study habits, and basic intelligence are potentially influential factors that could
skew results. Trends in the literature that measures individual abilities seem to be sporadic, with
some measures supporting OER adoption, some
reporting no significant differences between OER
use and commercial textbook use, and some citing commercial textbooks as being more effective
than OER materials.
Retention rates refer to individuals’ ability to
keep and subsequently use information. The study
that implemented retention rate measures did so
by giving faculty members who were instructing
the courses using OERs an opportunity to operationalize retention themselves. In other words,
there was no specific standardization outlined,
but teachers could report anecdotal evidence of
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Table 2. Studies examining global learning indices.
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Table 3. Studies examining individual ability.

learning differences they noticed (whether it be
improvement, digression, or unsure) through eportfolios that would be turned into researchers.
The study discovered that retention rates improved
with the introduction of OER (Measures of Individual Ability Table: Row 3, Column 2). The
juxtaposition of these results within the narrative
of OER efficacy are important, as past research
suggests that students who learn more retain more
(Lovett et al., 2008). The positive correlation between retention and learning indicates that student
learning is likely also improving as student retention improves.
Problem solving and critical thinking can symbolize a snapshot of students’ learning process
but do not necessarily isolate how much, if any,
information a student has naturally pre-existing
versus learned specifically from materials. Problem solving is a mental process in which individuals are presented with a scenario, expected
to be aware of a problem’s presence, and subsequently find a solution. Research focused on a
Physics course observed a small, negative shift in
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students’ problem-solving ability in courses that
utilized OERs—a unique conclusion in the OER
efficacy literature as it does not support the adoption of OER materials (Measures of Individual
Ability Table: Row 4, Column 4). Critical thinking involves using judgement to come to a decision rather than simply accepting facts as an observatory process. A study conducted by Hardin
and colleagues referenced Lawson’s 1999 question bank reflecting basic critical thinking skills
in psychology to measure students’ abilities to
“identify and critique alternative explanations for
claims about social issues and human behavior”
and “demonstrate knowledge of the appropriate
methods, technologies, and data that social and
behavioral scientists use to investigate the human condition” (2019, p. 53). They concluded
that no differences in critical thinking ability were
evidenced between groups using OER materials
and commercial textbooks (Measures of Individual Ability Table: Row 5, Column 3).
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1.4. Exam Scores

Exam scores present the most objective measurement of student learning outcomes since they
rely on a correct versus incorrect scale. A review
of current literature reveals several main strategies
when administering exams—all of which reveal a
general trend that OER implementation results in
better or comparable exam scores to those taken
using commercial textbooks.
The first design examines student exam scores
over time by comparing semesters that have
adopted OERs (Group A) to previous semesters
using traditional commercial textbooks (Group
B). In these cases, the class’s subject materials
and instructors are usually held consistent—it is
the group of students and their material usage
that differs, with the students assigned to commercial textbooks serving as the control group.
Studies utilizing this experimental design have
found consistent results: students’ exam scores in
classes that implemented OER materials were either higher than or not significantly different from
students’ exam scores in classes that used commercial textbooks (Exam Scores Table: Row 3,
Columns 2 and 3).
The second commonly used experimental design entails a comparison between students at
simultaneous times. In these studies, students
(group A) are enrolled in a course (Course A)
that utilizes open content materials while their
peers (group B) are enrolled in the same course
(Course A) but utilizes traditional publisher materials. Course subject material is usually held consistent, but instructors can vary since the student
groups are being measured simultaneously. One
study examining Psychology courses found that
students’ exam scores were lower in the classes
that used OER as compared to the classes that used
commercial textbooks (Exam Scores Table: Row
4, Column 4). This negative correlation between
exam scores and OER implementation is unique
and rare in the literature, as most studies have
produced conclusions that OER implementation
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would at the very least be comparable to courses
relying on commercial textbooks and have the potential to increase exam scores (Exam Scores Table: Row 4, Columns 2 and 3). Interestingly, students in a Statistics course utilizing OER not only
performed similarly to students using a commercial textbook on exams taken in class but spent just
half the amount of time learning the same material
(Lovett et al., 2008). When examining the types
of questions included on quizzes, Gurung identified no significant score differences when questions were derived from an OER test bank, and
a main effect of commercial textbook when questions were derived from an Advanced Placement
test bank (2017).
The most reliable design distributes identical
pre-test and post-test exams to students assigned
to the OER condition (group A) and students using commercial textbooks (group B) because it allows researchers to identify any clear differences
in learning outcomes through a more controlled
manner by limiting covariates such as differing
exam material. Most studies using this experimental method found no significant differences between students using open content and publisher
materials (Exam Scores Table: Row 5, Column
3). A study examining the transformation of pretest scores to post-test scores in a Statistics course
took a slightly different approach and focused on
measuring the proportion of knowledge students
gained within a semester. This study relied on
relative gain score, which was defined by the researchers as being “the possible percentage points
a student could increase from pre-test to post-test”
and concluded that the group utilizing OER materials had higher exam scores than the group utilizing commercial materials (Lovett et al., 2008, p.
8).
Some studies have administered standardized
exams, such as the Comprehensive Assessment
of Outcomes test and the Science Criterion Referenced Test, to evaluate subject-specific content
acquisition. The Comprehensive Assessment of
Outcomes, otherwise known as the CAOS test, is
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Table 4. Studies examining exam scores.
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a measurement intended to assess students’ statistical literacy. The patterns surrounding OER efficacy in relation to CAOS test scores are parallel
to findings regarding other student learning outcomes: students gain just as much, if not more,
statistical literacy from OER materials as compared to commercial textbooks (Exam Scores Table: Row 6, Columns 2 and 3). The Science Criterion Referenced Test, abbreviated as Science CRT,
is a standardized exam administered in multiple
states throughout America to measure students’
content knowledge of multiple subjects within the
field of science—biology, chemistry, and earth
systems, for example. The administration of the
Science CRT demonstrated similar resulting patterns to the CAOS test: the adoption of OER in
science classrooms was correlated with a positive
change in exam scores, or at the very least was
comparable to classrooms that continued to use
commercial textbooks (Exam Scores Table: Row
7, Column 2 and 3). Ultimately, studies evaluating OER implementation via standardized exams score measurements have produced conclusions that support the notion that adoption of open
texts in place of traditional publisher texts does not
harm student learning and has the potential to increase student learning.
Hilton III & Laman postulated a list of 6 reasons why OER use may encourage better student
outcomes: students have access to the materials
regardless of their financial resources and abilities;
this access is granted before the first day of class
and remains available throughout the semester; inherent features of digitally formatted OERs allow
for links and ‘find’ features; they can be studied anywhere that offers Internet access; faculty
can adapt the text to include key terms and objectives collaboratively, and they allow faculty to
be selective in their choice of what and how to
use supplemental materials (2012). Regardless
of possible explanations, it can be concluded that
the current body of literature supports the concept
that OERs are at the very least no different than
traditional commercial textbooks when measuring
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student outcomes after having used them, and in
some cases can contribute to improving student
learning outcomes.
Despite the OER movement having several
decades of encouragement and existing literature
supporting the implementation of Open Educational Resources in college settings, there remains
necessary research to corroborate the quality of
education they provide for students’ learning. A
plethora of studies have examined OER adoption
using measures that do not reliably gauge students’ actual content acquisition – such as institutional measures, global indices, and measures
of individual ability. Research that has used pretest and post-test exam designs to measure student learning have been the most successful in
isolating student learning in a controlled environment, but have implemented the design over the
course of semesters in classroom settings, which
ultimately allows room for many confounding influences including instructor characteristics, study
habits, patterns of use, etc.
As suggested by discussions included in many
previous studies, I plan to investigate the efficacy
of OERs as compared to commercial textbooks
by analyzing student performance measured by
quiz scores in a controlled environment. Seton Hall University students enrolled in Introduction to Psychology or Orientation to Psychology
courses will volunteer to participate, be randomly
assigned to either an OER textbook treatment condition (of which there will be three levels) or a
commercial textbook control condition (of which
there will also be three levels), read their randomly
assigned chapter on Descriptive Statistics, and finally complete a multiple-choice quiz intended to
measure students’ content acquisition.
2. Methods
2.1. Participants

The participants in this study consisted of 98
Seton Hall University undergraduate students enrolled in either Introduction to Psychology or Ori-
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entation to the Psychology Major—both being
courses offered by the Psychology Department intended to be taken as an underclassman. The participants were at least 18 years of age and volunteered to participate for course credit via Seton
Hall’s online SONA system. Of the 98 participants, 57 identified as female, 40 as male, and 1 as
non-binary/third gender. The racial demographics
of the participants were as follows: 1 American
Indian/Alaska Native, 22 Asians, 8 Black/African
Americans, 11 Others, and 56 Whites. The ethnicity of the participants included 18 of Hispanic,
Latino, or Spanish origin, 77 not of Hispanic,
Latino, or Spanish origin, 1 preferred not to say,
and 2 unanswered.
2.2. Design

This experiment had a 2 (text type: OER,
Commercial) x 3 (text name: OER/Commercial
A, B, and C) between-groups design. The primary
independent variable was Text Type. The primary
dependent variable is student learning—as operationalized by quiz score. Previous experience with
Statistics and participants’ perceptions of the text
are secondary, exploratory measures.
2.3. Materials

The materials for this study included sections
on central tendency from the descriptive statistics chapters of six different textbook, three from
OER textbooks and three from commercial textbooks. There was a 12-question multiple-choice
quiz, a perceptions questionnaire, and a demographics questionnaire.
The criteria for selecting the textbook excerpts
used in this study consisted of two main characteristics: it must address the three main measures
of central tendency—mean, median, and mode—
and it must be organized in a structure that mirrors
a textbook. As discussed in the literature review,
Open Educational Resources can be produced in
various formats, including structures from videos
to PowerPoints, so it was crucial to find OER
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sources that mirrored the structure of a commercial textbook to best compare the two. The three
commercial textbooks used were the leading publishers for Descriptive Statistics.
The quiz, found in Appendix A, intended to
measure participants’ knowledge of central tendency, and thus included questions that targeted
several aspects of mean, median, and mode: definitions, calculation, and application.
The perceptions questionnaire, found in Appendix B, targeted participants’ perception of
textbook quality. This questionnaire was included
with intentions to analyze the responses as a secondary, exploratory measure of textbook quality
through an anecdotal lens of those who have firsthand experience with the materials.
The demographics questionnaire, found in
Appendix C, recorded participants’ reported gender, race, and ethnicity. It also asked if participants had any familiarity with Statistics. Contingent upon the participant saying they had previous
experience with statistics, the second half of the
questionnaire was revealed to investigate the level
of familiarity (e.g., at what schooling level did you
learn about Statistics). The motivation behind including this questionnaire was two-fold: to report
the statistical logistics of the participant pool and
to have data that would aid in evaluating the potential covariate influence of statistical experience
on quiz scores.
2.4. Procedure

Due to the COVID-19 pandemic and its subsequent safety protocols, this study was conducted
completely online using Microsoft TEAMS and
Qualtrics. After volunteering for a timeslot, participants were emailed an accompanying meeting link through Microsoft TEAMS. They were
asked to turn their cameras on and to share their
screen with the research assistant to resemble
most closely the characteristic of laboratory conditions if the study had been conducted in person. The link to the Qualtrics survey was sent
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Figure 1. Individual quiz scores are plotted within
each text name, organized by commercial text type
versus OER text type.

in the TEAMS chat. Participants were randomly
assigned to a textbook by the Qualtrics randomizer feature. They were given 40 minutes to read
their respective excerpt and take notes by hand if
they wanted. Directly after the allotted reading
time, participants were given 20 minutes to complete the 12-question multiple-choice quiz. They
were permitted to use the notes they had taken
during the 40-minute reading time to mimic the
real-world application of textbooks to studying.
After completing the quiz, they were then given
the Perceptions Questionnaire and Demographics Questionnaire—both of which are further discussed in the Materials section.
To incentivize students to focus for the entirety of the experiment and try their hardest on
a material-heavy study with no immediate reward,
we provided an opportunity for those who scored
9 or higher on the quiz to be entered into an Amazon gift card raffle. Participants who were entered
into the raffle had a 1 in 25 chance of winning, as
we drew once every 25 entries.
3. Results
Because of the nested structure of the study
design (three textbooks were OER and three were
commercial), we used a hierarchical linear modeling analysis. It is also important to note that while
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126 participants were needed to detect a medium
effect size (according to a POWER analysis), only
98 participants’ data was collected and analyzed.
No participants were excluded from the analysis.
The primary dependent variable, student
learning, was measured by the score that participants earned on the quiz. We controlled for prior
statistical experience that students had with a covariate in the analysis. We compared individuals’
quiz scores across both text type (commercial vs.
OER) and text name (A, B, and C for each text
type)—the representation of which can be seen in
Figure 1. Figure 1 displays the spread of individual scores (with each dot representing a single participants’ quiz score) across commercial and OER
groups.
A hierarchical linear model analyzing mean
quiz score as a function of text type, as can be seen
in Figure 2, revealed no significant differences
between mean quiz scores of participants who
used commercial texts versus mean quiz scores
of participants who used OER texts (p < 0.05,
MDi f f = −0.49, SE = 0.38, t(94) = −1.30, p =
.199). While it may seem as though the mean
quiz scores for commercial texts was higher than
the mean quiz scores for OER texts, note that this
difference (located in the blue-shaded box in Figure 2) is not statistically significant. These results
are consistent with most of the current literature—
both of which argue that learning outcome associated with OER textbooks are comparable to those
associated with commercial textbooks. Note: The
dashed red line represents the average quiz score
(9.41) equivalent to a z-score of 0.
While the difference between the OER and
commercial texts was not significant, increased
prior statistical experience was associated with
better quiz scores (b = 0.94, SE = 0.30, t(94) =
3.09, p = 0.003).
4. Discussion
Given the gap in existing literature of studies that hone in on true learning outcomes
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Figure 2. Mean z-scores graphed as a function of text type: three commercial texts located on the left, three
OER texts located on the right. The red dashed line represents a z-score of 0, which is equivalent to the
mean quiz score of 9.37.

that accurately measure content acquisition from
materials—and thus quality of student learning—
this study sought to fill some of that gap by creating a controlled environment in which quiz scores
would serve as the true learning outcome. Since
a very small proportion of previous studies examined true learning outcomes—especially in the
controlled manner that this study has—we began
with an investigative spirit rather than having a directional hypothesis. With that being said, the results yielded conclusions that are very similar to
many researchers’ findings (despite having different dependent measures) that examine OER efficacy: they are comparable to commercial texts.
While this study’s data collection and analysis did
not meet the minimum number of participants required to detect a medium effect size, it is still
promising to see such significant results.
4.1. Limitations

While these results are indeed promising, they
must be interpreted cautiously since the N was too
small to detect a medium effect size—ultimately
indicating that no conclusive statements can be
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made until data has been collected on 126 participants.
Another potential limitation is the variability
among materials, in terms of length, number of
worked examples, and quality of explanations. It
is near impossible to control every aspect of textbooks to make them equivalently comparable—
and not applicable, as that doesn’t represent their
use in the real world if it were somehow manageable. However, the six textbooks used in this study
ranged anywhere from 8 pages to 26 pages—a
large difference. While all participants completed
their assigned reading portion in the allotted 40
minutes window, this large variance in length of
textbook could be a potential confound. Within
that same idea, textbooks that are significantly
longer may naturally have better quality explanations of concepts since they contain more information than shorter textbooks. It is also possible that the presence (and in what quantity) or
absence of worked examples could have played
a confounding role. Some textbooks were structured to describe concepts only in words, while
others had real life examples, and still others had
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worked examples for how to find the mean, median, and mode. This aspect could also go handin-hand with the quality of explanation provided
by the textbook, and how that could potentially relate to student learning.

commercial texts produce similar student learning
outcomes in a controlled environment, which ultimately supports the no-harm-done theory that college students can have the same quality of education with affordable textbooks as compared to the
traditional publisher’s route.

4.2. Implications

References
Future studies must continue this controlled
approach and focus on true learning outcomes, especially as measured by exams, rather than continuing to operationalize student learning through
measures such as pass/fail rates and grades that
may be confounded with aspects of attendance,
participation, and instructor bias. To build on the
experimental design of this study, researchers may
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Appendix A: Quiz
1. Which best describes mode?
a. The value of the score that the most individuals received/the most commonly
appearing score
b. A measure of the value individuals scores
center around
c. The average value
d. The value of the score at the middlemost
of a normal distribution/the value of the
score that divides a distribution in half
2. Which best describes median?
a. The value of the score that the most individuals received/the most commonly
appearing score
b. A measure of the value individuals scores
center around
c. The average value
d. The value of the score at the middlemost
of a normal distribution/the value of the
score that divides a distribution in half
3. Which best describes mean?
a. The value of the score that the most individuals received/the most commonly
appearing score
b. A measure of the value individual scores
center around
c. The average value
d. The value of the scores at the middlemost
of a normal distribution/the value of the
score that divides a distribution in half
4. When given a set of data with extreme outliers, which measure of central tendency
would be most affected/skewed?
a. Mean
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b. Median

a. 79

c. Mode

b. 81

d. All equally affected

c. 82

5. Given the following data date, calculate the
mean.
11, 13, 14, 16, 17, 17
a. 17

d. 84
10. Which measure of central tendency is the
only one applicable to categorical/nominal
data?

b. 13.5

a. Mean

c. 14.67

b. Median

d. 15

c. Mode

6. Given the following data set, calculate the
median.
40, 46, 48, 51, 47, 42, 42
a. 42
b. 46
c. 44
d. 44.6
7. Given the following data set, calculate the
median.
50, 50, 50, 51, 56, 50
a. 51
b. 50
c. 50.5
d. 53.5
8. Given the following data set, calculate the
mode.
11, 12, 14, 13, 11, 12, 9, 11, 16, 12

d. None of these
11. Which measure of central tendency best captures the data of a bimodal distribution?
a. Mean
b. Median
c. Mode
d. None of these
12. Given the following data set, which measure
of central tendency is most affected by the
outlier?
100, 89, 95, 97, 200
a. Median
b. Mean
c. Mode
d. None of these

a. 12
b. 11 and 12
c. 11
d. 11.5
9. Given the following data set, calculate the
mode.
81, 88, 87, 84, 82, 79, 81
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Appendix B: Perceptions Questionnaire
For each of the following statements, think
about the textbook pages that you studied before
taking the quiz, and indicate the extent to which
you agree with each statement.
1. The text was easy to comprehend.
a. Strongly agree
b. Somewhat agree

Appendix C: Demographics Questionnaire
1. What is your gender?
a. Male
b. Female
c. Non-binary / third gender
d. Prefer not to say
2. What is your race?

c. Neither agree or disagree

a. American Indian or Alaska Native

d. Somewhat disagree

b. Asian

e. Strongly disagree

c. Black or African American

2. The text made learning about mean, median,
and mode interesting.

d. Native Hawaiian or Pacific Islander
e. White

a. Strongly agree

f. Other

b. Somewhat agree

g. Prefer not to say

c. Neither agree or disagree

3. What is your ethnicity?

d. Somewhat disagree
e. Strongly disagree

a. Hispanic or Latino or Spanish Origin
b. Not Hispanic or Latino or Spanish Origin

3. The text helped me learn the concepts so that
I could perform well on the quiz.
a. Strongly agree
b. Somewhat agree
c. Neither agree or disagree
d. Somewhat disagree
e. Strongly disagree
4. Did you complete the chapter’s exercises?
a. Yes
b. No
c. N/A — My chapter did not have exercises;
I am unsure if my chapter had exercises

c. Prefer not to say
4. How familiar were you with the concepts of
mean, median, and mode prior to participating in this study?
a. Not familiar at all
b. Slightly familiar
c. Moderately familiar
d. Very familiar
e. Extremely familiar
5. Have you ever taken a course (at any level
of schooling) that covered the statistical concepts of mean, median, or mode?
a. Yes
b. No
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If participants answered Yes to the previous
question, they were then directed to answering the
following questions:
1. Describe the course that you learned these
concepts in. Select all that apply.
 It was a full-semester Statistics course.
 It was a multi-semester Statistics
course.
 It was not a Statistics course, but it was
a unit or chapter in another course that
was not a math course (e.g., Introduction to Psychology)
 It was a math course that had a Statistics
unit or chapter, and included a number
of other math topics as well.
2. At what level did you take this course? Select
all that apply.
 Elementary School (grades:
garten – 5)

kinder-

 Middle School (grades: 6 – 8)
 High School (grades: 9 – 12)
 College (includes Community College
and University)
 Homeschool
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